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Any mining or minerals processing operation has the potential to increase 
the radiation dose received by individuals, due to the fact that all minerals 
and raw materials contain radionuclides of natural, terrestrial origin. 
Radionuclide concentrations in materials arising from a process may exceed 
those in the original mineral or raw material, sometimes by orders of 
magnitude. 
NORM:	  Naturally	  Occurring	  Radioac>ve	  Material	  	  
In some processes the generated materials enriched in natural radionuclides 
and of radiological concern are not the commercial product searched. Are 
the so called and not avoidable NORM residues. 
MANAGEMENT ? 
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EXAMPLES	  
Production of Phosphoric Acid by the wet method 
 
Phosphate rock + Sulphuric Acid              Phosphoric Acid + Phosphogypsum 
 
Phosphogypsum                Calcium Sulphate enriched in Ra, Po,and Pb 
   Coal Combustion 
 
      Coal              Ashes  
 
Ashes  enriched in natural radionuclides 
NORM	  	  RESIDUES:	  
Previous	  Ques>ons	  
	  
The	  generally	  called	  NORM	  RESIDUES	  are	  RESIDUES?	  
RESIDUE	  DEFINITION	  
	  
Material	  that	  aTer	  its	  forma>on	  in	  any	  ac>vity	  or	  
opera>on	  is	  unusuable	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Phosphogypsum 
                                              ARE RESIDUES? 
Coal Ashes  
¿	  Can	  be	  considered	  valid	  the	  following	  alterna>ve	  deﬁni>on	  of	  residue?	  
	  
Material	  	  that	  has	  no	  market	  aTer	  its	  genera>on	  in	  any	  work	  
process	  or	  opera>on	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CLASIFICATION	  OF	  THE	  GENERALLY	  
CALLED	  NORM	  RESIDUES	  
A)	  Materials	  produced	  in	  big	  amounts	  
containing	   in	   general	   moderate	  
amounts	  of	  natural	  radionuclides	  (less	  
than	  1.5	  Bq/g)	  
B)	   Materials	   produced	   in	   small	  
amoun t s	   t h a t	   c o n t a i n	   h i g h	  
concentra>ons	   of	   certain	   natural	  
radionuclides	  (	  10	  -­‐	  103	  Bq/g)	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EXAMPLES TYPE  A 
EXAMPLES TYPE  B (I) 
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Scales: Layers enriched in radium isotopes, and in some cases in Pb-210, 
which are formed in the internal walls of pipes and equipments due to the 
general precipitation of elements such as Ba and Pb in the form of sulphates 
when a variation in a physical variable affecting its solubility is produced. 
EXAMPLES TYPE  B (II) 
Sludges:  Semi-solid material which is accumulated in deposits of several 
NORM industrial processes. Material of very fine grain size that pass 
filtration steps accompyning the liquid fractions and that experiment its 
decantation in the deposits where the liquids stays during long time 
intervals. 
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Filter-clothes: Used in filtration processes in several NORM industries. 
Need to be changed periodically due to their collmatation that reduce their 
filtyration efficiency.   
4th	  Interna>onal	  Nuclear	  Chemistry	  Congress	  	  	  	  	  	  	  	  	  	  	  	  	  Maresias	  SP,	  Brazil,	  September	  
2014	  
EXAMPLES TYPE  B (III) 
RESIDUES  TYPE  B 
	  
Categoría	  
	  
Proceso	  Industrial	  
Radionucleido	  con	  
mayor	  ac>vidad	  
Concentraciones	  de	  
ac>vidad	  bpicas	  (Bq/
g)	  
Scale	   Oil	  and	  gas	  produc>on	   Ra-­‐226	   0.1	  -­‐	  15000	  
Scale	   Titanium	  dioxide	  pigment	  produc>on	   Ra-­‐	  226	  	  	  Ra-­‐228	   <	  1	  -­‐	  1600	  
Scale	   Phosphoric	  Acid	  produc>on	   Ra-­‐226	   0.003	  -­‐	  4000	  
Sludge	   Oil	  and	  Gas	  produc>on	   Ra-­‐226	   0.05	  -­‐	  800	  
Scale	   Coal	  mines	  with	  Ra	  rich	  inﬂow	  water	   Ra-­‐226	  	  	  	  Ra-­‐228	   Up	  to	  200	  
Scale	   Iron	  Mel>ng	   Pb-­‐210	  	  	  	  Po-­‐210	   Up	  to	  200	  
Scale	   Coal	  Combus>on	   Pb-­‐210	   >100	  
Sludge	   Iron	  smel>ng	   Pb-­‐210	   12	  -­‐	  100	  
Precipitator	  dust	   Fused	  Zirconia	  produc>on	   Po-­‐210	   600	  
Precipitator	  dust	   Metal	  smel>ng	   Pb-­‐210	  	  	  	  Po-­‐210	   Up	  to	  	  200	  
“Assessing the need for Radiation Protection Measures in Works involving Minerals 
and Raw Materials”. IAEA Safety Report Series No 49 (2006) 
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RESIDUES TYPE  B 
PHOSPHORIC  ACID  PRODUCTION 
Concentrations (Bq/kg) 
Fraction 238U 230Th 226Ra 210Pb 
Liquid 2100 1250 7.5 45 
Solid 1250 2000 4300 2000 
Sludges precipitated in the tanks 
where phosphoric acid is stored 
Sludges floating in the tanks 
where phosphoric acid is stored 
Concentrations (Bq/kg) 
Fraction 238U 230Th 226Ra 210Pb 
Liquid 1250 250 4.5 85 
Solid 900 900 1300 1400 
Concentrations (Bq/kg) 
Fraction 238U 226Ra 210Pb 
Filter clothes 290 3340 2330 
Filter residues 570 2100 1000 
Scales 980 1400 2000 
Scales and filters from the filtration 
step collected during maintenance 
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RESIDUES  TYPE  B 
PHOSPHORIC  ACID  PRODUCTION 
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Effective dose rate increment (Morocco; Sv/h)
Phospha>c	  rock	  Morocco	  
U-­‐	  238	  series	   	  1000	  Bq/kg	  
Th-­‐232	  series	   	  	  	  	  	  	  30	  Bq/kg	  
Phospha>c	  rock	  	  Kola	  
U-­‐	  238	  series	   	  	  	  	  	  	  30	  Bq/kg	  
Th-­‐232	  series	   	  	  	  	  	  	  80	  Bq/kg	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SCALES:  CONTAMINATED PIPES AND EQUIPMENTS 
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MATERIALS FOUND IN THE  DETECTIONS
Pieces w ith Ra-226 
luminous paintings
11%
Pieces of depleted 
Uranium 
3%
Radioactive lightning 
conductors
3%
Smoke detectors
4%
Th-232 pieces
 4% Material w ith 
artif Icial radioactivity 
7%
Sources
 25%
NORM material; 
43%
Alvaro Rodriguez. “Radiological Control of Metal Scrap: The Spanish 
Protocol”. In Proceedings Fifth International Symposium on Naturally 
Occurring Radioactive Materials (NORM V).  Sevilla, Marzo 2007 
SCALES:  CONTAMINATED PIPES AND EQUIPMENTS 
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  NORM industries potentially affected by the the generation of scales 
-   Oil extraction -   Gas extraction 
-   P2O5 production -  TiO2 production 
-  Coal energy generation -   Water treatment plants 
-   Pulp mill factories -   Iron Smelting plants 
SCALES:  CONTAMINATED PIPES AND EQUIPMENTS 
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RESIDUES TYPE  B: MANAGEMENT 
In most cases managed like low-level 
radioactive waste 
Specialized waste management companies  
should take care of these residues 
Can be treated in inertization plants and disposed  
in especially designed repositories.  
Special surveillance progams should be stablished 
in the repository areas and their surroundings 
RESIDUES TYPE  A 
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 BY-PRODUCTS 
MANAGEMENT EXEMPLARIZED :  PHOSPHOGYPSUM 
HISTORICALLY has existed two main alternative management 
approach for surplus phosphogypsum: 
 
Stockpiling in large, above containment structures known as stacks, allowing 
the material to be used at later time. 
Discharging to water bodies, usually large rivers, river estuaries or the sea, 
thus permanently disposing of the material. 
Progresive changes in environmental regulation, notably within the 
European Union in the 1990s and more recently under the London 
Convention of the International Maritime Organization, have largely 
brought the discharge of phosphogypsum to water bodies to an end. 
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PHOSPHOGYPSUM STOCKPILING 
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PHOSPHOGYPSUM STOCKPILING 
In addition to the phosphogypsum itself, very large volumes of highly 
acidic process water (also known as pond water) are associated with 
phosphogypsum production. Billions litres of this water are stored on top 
of and in active stacks.  
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STACKING  IS  A SOLUTION? 
METALS  IN  THE  WATERS 
Zn 
(mg L-1) 
Fe 
(mg L-1) 
Pb 
(µg L-1) 
Cu 
(µg L-1) 
Cd 
(µg L-1) 
As 
(µg L-1) 
81 103 2000 10000 10000 23000 
PERIMETRAL  CHANNEL 
pH  C.E.(mS/cm) 
1.37 25.4 
WATER  OVER  ACTIVE PILE 
METALS  IN THE  WATERS 
Zn 
(mg L-1) 
Fe 
(mg L-1) 
Pb 
(µg L-1) 
Cu 
(µg L-1) 
Cd 
(µg L-1) 
As 
(µg L-1) 
272 1460 1000 1000 14000 19000 
pH  C.E.(mS/cm) 
1.83 27.8 
STACKING  IS  A SOLUTION? 
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Muestra SB4_E2 SB11E_B SB10E 
Bq/kg Inc Bq/kg Inc Bq/kg Inc 
238U  8784 847 291 11 1105 17 
234U  8540 796 303 12 1088 16 
234Th  10153 338 313 22 1076 39 
235U  311 76 13 1 42 2 
235U 1 328 21 12 4 40 3 
235U 2 436 72 15 4 55 9 
210Pb  2188 104 8691 345 10769 420 
210Po  1003 139 3270 870 
STACKING  IS  A SOLUTION? 
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Trying to minimize the negative impacts of indefinite stacking , in its 
design and construction the following pints should be considered: 
a)   Perimeter systems to contain possible leaks or spills should be 
provided. 
b)  Liners to prevent contamination of groundwater should be used. 
c)   A well-maintained water cover to reduce airborne emissions o dust and 
radon gas, should be provided. 
 
The awareness about the negative impacts of indefinite stacking 
and the huge increases in the amount of phosphogypsum having to 
be stored in stacks in the future have highlighted the need for a 
systematic reappraisal of the merits of, and potential for, increased 
use of phosphogypsum worldwide 
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USE OF PHOSPHOGYPSUM 
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PHOSPHOGYPSUM IN AGRICULTURE 
Phosphogypsum contributes to agricultural production in four principal 
ways: 
a) Reclamation of land such as estuarine marsh in order to render it 
agriculturally productive 
b) Remediation of saline and sodic soils 
c) Amendment of soil to prevent crusting and to enhance water retention 
d) Fertilization of soil for growing crops and pasture 
 
The benefits of applying phosphogypsum to saline and sodic soils  include: 
a)   Reduced sodium and aluminium toxicity of the soil 
b)  Increased calcium and sulphur dissolved from phosphogypsum 
c)   Increased ammonia retention by the soil 
d)  Increased water retention of the soil through better conditioning 
e)   Greater water efficiency 
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PHOSPHOGYPSUM IN THE CONSTRUCTION 
OF BUILDINGS 
Phosphogypsum has been used as a raw material for cement and as a 
source of plasterboard. Other construction uses include the 
production of bricks, blocks, tiles, artificial stones and even boats. 
 
All these uses require the phosphogypsum to be well washed to 
remove the acidity from its residual water content and residual 
phosphate . 
 
Exposure to building materials incorporating phosphogypsum has 
been comprehensively and continuously studied, depending the 
exposure levels strongly on exactly how the PG is used. The great 
majority of studies show that exposure levels are not likely to be of 
serious concern,  but experience suggests that the use of 
phosphogypsum in building materials is not being given the attention 
that it perhaps deserves. 
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PG  IN THE CONSTRUCTION OF   ROADS 
One of the more widely studied and tested uses of PG in construction 
is for road building.  Its use became focused on the road bed, where 
phosphogypsum mixed with 5-7% cement and, in some cases, fly-ash 
emerged as the best option. 
 
The use of PG as a road bed material is no more expensive than the 
use of more traditional materials and may actually be less espensive 
when the full life cycle cost is considered. 
 
 
PG based mixtures are more workable than clay based mixtures, 
delays due to rain during construction are reduced because the 
compacted mixture does not absorb any significant amount of water, 
and the stability of compacted PG mixtures is superior to the clay 
mixtures. 
 
The use of PG as a road bed material has been demosntrated that 
has a negligible  environmental and public radiological impact. 
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PG  IN MARINE  APPLICATIONS 
Mixtures of PG, cement and fly-ash containing various proportions 
of PG (55-75%) have found applications in the stabilization of 
vulnerable coastlines, the protection of wetlands against flooding and 
the stablishment of coastal industries. 
 
 
 
These mixtures have shown little degradation in sea water with no 
diffusion of Ra-226 and heavy metals. Consequently, its 
environmental and radiological impact can be considered as 
negligible. 
The phosphogypsum mixtures are capable of supporting the growth 
of oysters and other shellfish without any bioaccumulation of heavy 
metals in the fish. 
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PHOSPHOGYPSUM   IN    LANDFILL 
Phosphogypsum has shown to have a good potential for use as a 
cover material in landfill disposal facilities. 
 
 
 The sulphur of the PG increase notably the biological activity, with an increment in the rate of degradation of 30-45% in a given volume 
of landfill, extending accordingly in the same percentage the useful 
life of the facility. 
 
 
 
With the use of liners in the landfill to prevent the interaction with 
the gorundwater, is highly unlikely any environmental or public 
radiological impact  associated to the use of phosphogypsum in 
landfill.  
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PHOSPHOGYPSUM   AND  SULPHUR   RECOVERY 
The use of phosphogypsum as a source  of sulphur have been studied 
extensively, requiring all the valuable options considerable energy 
inputs.  
 
 
 
The recovery of sulphur from phosphogypsum is unlikely to be 
competitive from a pure economic point of view in relation with the 
availability of sulphur as a co-product in the oil and gas industry. 
 
 
 
Nevertheless, the use of phosphogypsum as a source  of sulphur 
could become worthwhile from a broader perspective (because of the 
considerable financial implications associated to the storage of PG in 
stacks), particularly if the sulphur compounds generated are free of 
radioactivity. 
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USES  OF  PHOSPHOGYPSUM 
RADIOLOGICAL REGULATORY   CONSIDERATIONS (III) 
All evidence suggests that the doses received as a result of the use of 
PG in agriculture, road construction, marine applications and in 
landfill facilities are sufficiently low that no restrictions of such use 
are necessary. 
 
 
 
For most of the uses of phosphogypsum in home constructions 
(cement, bricks, plasterboard and tiles) the annual effective doses 
received by the occupant is unlikely to exceed 1 mSv and restrictions 
on such use would appear to be unnecessary. 
 
 
 
The use of phosphogypsum in structural  panels could imply for the 
occupants effective doses exceeding 1 mSv. It is recomendable an 
appropriate situation specific risk assessment in order to determine 
if any restrictions on this particular use of PG is needed. 
 
 
 
PHOSPHOGYPSUM IN AGRICULTURE 
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Treatment	   Number	  of	  
samples	  
Depth
	  
cm
	  
226Ra	  
(Bq/kg)	  
238U	  
(Bq/kg)	  
212Pb	  
(Bq/kg)	  
137Cs	  
(Bq/kg)	  
40K	  
(Bq/kg)	  
Control	   3	   0 – 30	   35.3 ± 0.8	   25.3 ± 0.4	   33.1 ± 0.7	   2.8 ± 0.6	   767 ± 20	  
Control	   3	   30 – 60 	   27.7 ± 0.4	   23.5 ± 0.5	   32.3 ± 1.0	   0.9 ± 0.5	   760 ± 50	  
Control	   3	   60 - 90	   26.2 ± 0.7	   19.4 ± 1.0	   31.9 ± 0.7	   N.D.	   750 ± 20	  
Non reclaimed	   3	   0 – 30	   21.6 ± 0.4 	   18.9 ± 0.1 	   28.9 ± 1.0 	   2.7 ±0.7 	   680 ± 40 	  
Non-reclaimed	   3	   30 – 60	    23.5 ± 0.8 	    19.2 ± 1.1 	    29.3 ± 1.7 	    N.D.	    624 ± 22	  
Non-reclaimed	   3	   60 -90	    22.2 ± 1.4 	   20.0 ± 1.3 	    28.7 ± 0.8 	   N.D.	    647 ± 16 	  
Non-reclaimed	   2	   90 - 120	   22.4 ± 1.2	   20.3 ± 0.7	   30.2 ± 1.0	   N.D.	   683 ± 6	  
-    In non-reclaimed soils , the Ra-226 profiles are constant. 
-    In non-reclaimed soils the Ra-226/U-238 activity ratios  around 1 
Long-term radiological impact associated  
to the use of PG as soil amendement  
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PHOSPHOGYPSUM IN AGRICULTURE 
Short-term radiological impact associated  
to the use of PG as soil amendement  (II) 
Treatment	   Number	  of	  
samples	  
Depth	  
cm	  
226Ra	  
(Bq/kg)	  
238U	  
(Bq/kg)	  
212Pb	  
(Bq/kg)	  
137Cs	  
(Bq/kg)	  
40K	  
(Bq/kg)	  
Control 3 0 – 30 35.3 ± 0.8 25.3 ± 0.4 33.1 ± 0.7 2.8 ± 0.6 767 ± 20 
Control 3 30 – 60 27.7 ± 0.4 23.5 ± 0.5 32.3 ± 1.0 0.9 ± 0.5 760 ± 50 
Control 3 60 – 90 26.2 ± 0.7 19.4 ± 1.0 31.9 ± 0.7 N.D. 750 ± 20 
PG  25 Tons/Ha 3 0 – 30 39.3 ± 2.3 23.9 ± 1.0 32.2 ± 1.0 2.3 ± 1.0 789 ± 27 
PG 25 Tons/Ha 3 30 – 60 29.6 ± 1.8 25.2 ± 2.1 32.8 ± 0.4 1.0 ± 0.2 814 ± 11 
PG 25 Tons/Ha 3 60 - 90 24.0 ± 0.9 21.7 ± 2.6 32.3 ± 1.0 N.D. 780 ± 50 
-  No statistical differences between control and PG treated plots 
-  Higher concentrations of Ra-226 in the uppermost  layers of all the plots 
-   Ra-226/U-238 activity ratios higher than one in all the plots 
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PHOSPHOGYPSUM IN AGRICULTURE 
SOIL TO PLANT  TRANSFER 
TOMATO FRUITS 
210Po (Bq/
kg) 
234U  
(Bq/kg) 
226Ra (Bq/
kg) 
IN  PG  TREATED  SOILS 
T11 0.43 ± 0.06 < MDA < MDA 
T19 0.90 ± 0.09 < MDA < MDA 
T23 0.75 ± 0.11 < MDA < MDA 
T27 1.9 ± 0.2 < MDA < MDA 
T32 0.68 ± 0.07 0.15 ± 0.04 < MDA 
T37 0.45 ± 0.10 0.24 ± 0.04 < MDA 
IN CONTROL SOILS 
C2 0.45 ± 0.06 < MDA < MDA 
C10 0.43 ± 0.04 < MDA < MDA 
MDA U-234: 
0.02 Bq/kg 
 
MDA Ra-226 
0.10 Bq/kg 
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MANAGEMENT  OF  RESIDUES/BY-PRODUCTS 
A   PARADIGMATIC   CASE 
The Titanium dioxide industry 
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RAW	  	  MATERIAL	  
CHARACTERIZATION	  
MAYORITARY  ELEMENTS  (%) 
SiO2 0.99 MgO 0.55 
Al2O3 0.94 V2O5 0.23 
FeOT 41.81 CaO 0.09 
ZrO2 0.38 TiO2 50.41 
MnO 1.23 
ILLMENITE  (Bq/Kg) 
238U 234U 226Ra 228Ra 232Th 
ILM-1 118.5 ± 5.5 135.7 ± 6.4 93 ± 7 296 ± 20 306 ± 21 
ILM-2 119.8 ± 5.6 154.9 ±  6.6 69 ± 6 260 ± 21 250 ± 21 
ILM-3 108.2 ± 5.5 130.9 ± 6.2 79 ± 6 260 ± 23 252 ± 21 
ILM-4 121.8 ± 5.8 146.5 ± 6.5 91± 6 325 ± 22 306 ± 21 
ILM-5 123.5 ± 5.0 124. 7 ± 5.0 96 ± 4 365 ± 31 375 ± 30 
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FORMER	  	  PRODUCTION	  PROCESS	  
1 
Y Z X 
DIGESTION HYDROLISIS 	  	  	  	  WASHING	  
 
CALCINATION	  
MILLING 
2 
3 
 Schematic description of the production process in the analyzed TiO2 plant at the 80´s 
 
a) Input materials: 
 Z. Illmenite (feedstock), Y  H2SO4 98%, X  H2SO4 80% 
 
b) Residues: 
1 Sludge (unattacked mineral)  2 Strong Acid enriched in Fe  3 Weak acid enriched in Fe 
Annual consumption/ production	  
	  142	  000	  	  METRIC	  TONNES	  OF	  ILLMENITE	  
25	  000	  METRIC	  TONNES	  OF	  SLUDGES	  
More than 300 000 TONNES OF ACIDS (STRONG AND WEAK)	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RADIOMETRIC  CHARACTERIZATION 
OF RESIDUES (I) 
WET MUDS   (Bq/Kg) 
238U 234U 226Ra 232Th 228Ra 228Th 
MUD-1 286 ± 10 296 ± 10 914 ± 52  444 ± 25 2689 ± 167 802 ± 40 
MUD-2 230 ± 10 268 ± 11  831± 45  339 ± 23 2472 ± 153 716 ± 36 
MUD-3 140 ± 16 167 ± 19 820 ± 47  317 ± 31 2575 ± 151 670 ± 36 
MUD-4 164 ± 12 215 ± 17 766 ± 45  367 ± 30 2440 ± 150 677 ± 34 
MUD-5 238 ± 10 252 ± 11 744 ± 44  299 ± 27 2472 ± 150 656 ± 34 
The generated muds are transported, in wet form, to a treatment plant 
located som km from the industry, where are inertized and disposed 
properly. The muds were mixed in the plant with other inertized residues  
depleted in natural radionuclides, provoking the dilution of the 
radioactivity associated to the muds. 
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RADIOMETRIC  CHARACTERIZATION 
OF RESIDUES (II) 
STRONG ACIDS  (Bq/Kg) 
238U 234U 226Ra 232Th 228Ra 228Th 
15.3 ± 0.8 18.0 ± 0.9 4 ± 1  132 ± 8 20 ± 2 38 ± 2 
STRONG ACIDS  (Bq/Kg) 
238U 234U 226Ra 232Th 228Ra 228Th 
1.3 ± 0.1 1.4 ± 0.1 < 0.3 17.5 ± 0.5 2 ± 1 4.9 ± 0.2 
The hundred-thousands tonnes of acids were historically stored in big 
tanks during production, and periodically released in the open ocean, 
transported in big ships.   
 
This management policy was forbidden at the end of the 80´s, forcing to the 
industry to find some solutions to “survive”.  
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CRYSTALLIZATION 
CONCENTRATION 
NEUTRALIZATION 
2 
3 
4 1 
5 
Y
1 
Z
1 
X 
DIGESTION HYDROLISIS 	  	  	  	  WASHING	  
 
CALCINATION	  
MILLING 
Industrial process for production of TiO2 pigments  
in Huelva (Spain) during the 21st century 
Schematic description of the production process in the analyzed TiO2 plant. 
 
Input materials:   
Z. Illmenite (feedstock), Y  H2SO4 98%, X  H2SO4 80% (recycled) 
 Residues:  
1 Sludge (unattacked mineral)  5 Aqueous solution dumped to Odiel river 
Co-products:  
2 Cooperas  3 Iron sulphate Monohydrate   4 Red Gypsum 
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TREATMENT  OF  THE   
STRONG  ACIDS  (I) 
The strong acids generated in the hydrolisis step are now treatred. First are 
submitted to a crystallization process where a co-product called COOPERAS (2) is 
formed , and afterwards are concentrated for the generation of the co-product 
MONOHYDRATE (3). The strong clean acid remaining after the previous steps is 
RECYCLED IN THE PROCESS  (digestion and washing steps). 
 
Nowadays, no residues are generated associated to the production of strong acids in 
the hydrolisis step. 
COOPERASS  (Bq/Kg) 
238U 228Ra 228Th 
CAP-1 1.12 ± 0.17 1.4  ± 0.3  9.8 ± 1.2 
CAP-2 0.66 ± 0.11 2.0 ± 0.4 8.2 ± 1.4 
CAP-3 0.68 ± 0.07 2.6 ± 0.4 8.3 ± 3.5 
CAP-4 1.14 ± 0.17 3.0 ± 0.8 9.2 ± 1.2 
CAP-5 0.92 ± 0.15 2.6 ± 1.2 7.2 ± 4.4 
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TREATMENT  OF  THE   
STRONG  ACIDS  (II) 
MONOHYDRATE 
238U 226Ra 232Th 
MON-1 51.4 ± 2.1 7.9 ± 0.7  311.8 ± 10.5 
MON-2 58.2 ± 2.5 10.6 ± 0.8 382.0 ± 14.2 
MON-3 55.6 ± 2.0 7.8 ± 0.8 371.7 ± 14.5 
MON-4 55.0 ± 1.2 10.0 ± 0.9 418.7 ± 15.0 
MON-5 45.1 ± 1.0 9.1 ± 1.2 340.6 ± 12.4 
Annual production 
 
140 000 METRIC TONNES OF COOPERAS 
 
125 000 METRIC TONNES OF MONOHYDRATE 
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TREATMENT  OF  THE   
STRONG  ACIDS  (III) 
Both co-products have now well defined markets and are generating 
economical benefits to the industry.  
 
The cooperas is used, for example, for the recovery of basic soils in 
agriculture, as a component in animal feeding or as a flocculant in water 
treatment.  
 
The iron sulphate monohydrate is used as a raw material in the production 
of ferric fertilizers for the treatment of agricultural soils with deficiency in 
iron. Recognized by the Regional Committee for Ecological Agriculture. 
The recycling of part of the sulphuric acid is of economical benefit for the 
industry, that have disminishes in 30% the needs of “young” sulphuric 
acid. 
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TREATMENT  OF  THE   
WEAK  ACIDS  (I) 
The	   weak	   acids	   generated	   in	   the	   washing	   step	   of	   the	   TiO2	   pulp,	   (containing	  
enhanced	  amounts	  of	  some	  heavy	  metals	  and	  radionuclides)	  are	  submimed	  to	  a	  
neutraliza>on	  proces	   to	   remove	   its	  acidity,	   co-­‐precipita>ng	   in	   the	  process	   the	  
majority	  of	  metals	  and	  radionuclides	  associated	  to	  the	  formed	  calcium	  sulphate	  
(Red	  Gypsum	  co-­‐product).	  
RED   GYPSUM 
238U 226Ra 232Th 
YES-1 17.9 ± 0.8 21 ± 2 126.2 ± 6.1 
YES-2 17.1 ± 0.8 12 ± 1 116.7 ± 3.6 
YES-3 17.8 ± 0.8 12 ± 3 116.4 ± 8.6 
YES-4 19.7 ± 1.2 13 ± 2 158.7 ± 4.8 
YES-5 20.7 ± 0.8 14 ± 1 
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TREATMENT  OF  THE   
WEAK  ACIDS  (II) 
The	  neutralized	  liquid	  frac>on	  obtained	  aTer	  separa>on	  by	  ﬁltra>on	  of	  the	  Red	  
Gypsum,	  is	  released	  to	  the	  ocean,	  in	  the	  vicinity	  of	  the	  factory	  .	  These	  waters	  are	  
very	   “clean”	   and	   contains	   less	   amounts	   of	   metals	   and	   radionuclides	   that	   the	  
estuarine	  waters	  iwhere	  are	  released.	  
The company has now a patent for the use of RG in the cement industry. 
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Comprehensive management of the resources 
 
The mined resources should be managed in such as way that the final 
return is maximized, and no centered in obtaining just the primary target 
commodity. 
After mining of the resource all the processes should follow a well 
designated and smart (not rigid) flowsheet with the objective to maximize 
the return of the mining, and reduce as much as possible the amount of 
wastes generated.  
CONCLUSION 
In this way the occupational and public exposures associated to NORM 
activities are diminished/minimized. 
